METHODS AND COMPOSITIONS FOR IMPROVED ARTICULAR 

SURGERY USING COLLAGEN 



CROSS REFERENCE TO RELATED APPLICATIONS 

This application claims the benefit of U.S. Provisional Patent Application 
Serial No. 60/271,1 16, filed February 23, 2001, the disclosure of which is 
incorporated herein by reference in its entirety. 

TECHNICAL FIELD 

The invention pertains to the field of joint injuries and damage, and 
surgical methods and compositions for treating such injuries and damage. The 
invention also pertains to the field of collagen, including the medical use of 
collagen formulations and the controlled release of pharmaceutical agents from 
collagen formulations. 

BACKGROUND OF THE INVENTION 

The joints of the skeletal system are the sites at which bones meet 
(articulate). In addition to bone, joints are formed by muscle, tendons and 
ligaments. Furthermore, protection of the joint is provided by cartilage and 
connective tissue, as well as by synovial fluid within the joint. When stressed, or 
as a result of the aging process, joints are prone to injury or degradation, leading 
to pain, impaired movement and decreased quality of life. Thus, approaches for 
repairing or treating damaged joints are highly desirable. 

The earliest surgical approaches for joint repair involved cutting open the 
joint, referred to as open joint surgery or arthrotomy. However, because of the 
highly invasive nature of such procedures, the patient requires a hospital stay, 
often suffers severe and prolonged pain and faces a very long recovery time. In 
cases of extensive joint damage, surgical techniques have progressed such that 
reconstruction or replacement of the joint (arthroplasty) is an option. Again, 
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however, these techniques are associated with considerable pain and recovery 

time for the patient. 

The development of arthroscopic methods for articular surgery has greatly 
reduced the pain and recovery time experienced by patients as compared to 
arthrotomy. In arthroscopy, a small fiberoptic viewing instrument (the 
arthroscope), made up of a lens, light source and video camera, is inserted into the 
joint via a tiny (about 1/4 of an inch) incision called a portal. Other portals are 
used for insertion of small (only 3 or 4 mm in diameter) surgical instruments. A 
video image is sent from the arthroscope to a television monitor, allowing the 
surgeon to have a clear view of the entire joint while operating. To maintain a 
clear field of view, the joint is continuously irrigated with an irrigation fluid 
during arthroscopic surgery. Various irrigation fluids have been tested, including 
water, 0.9% normal saline, Ringer's solution, 20% sorbitol, 2-10% mannitol and 
1.5% glycine (Gradinger, R. et al. (1995) Arthroscopy 11:263-269; Mah E.T. et al. 
(1997) Arthroscopy 7:24-32). An irrigation fluid referred to as Synovisol, which 
is isomolar, nonhemolytic, nonantigenic, has a low viscosity and is 
nonconductive, has also been tested (Marshall, GJ. et al. (1988) Arthroscopy 
4: 1 87-1 93). A consequence of the need to continuously irrigate the joint during 
arthroscopy is that the normal synovial fluid is flushed from the joint. 

The viscoelastic properties of synovial fluid are provided by the 
glycosaminoglycan molecule hyaluronan. Cross-linked forms of hyaluronan, 
referred to as hylans, have been used intra-articularly (for a review see e.g., 
Balazs, E.A. and Denlinger, J.L. (1989) Ciba Found. Symp. 143:265-275). For 
example, hylan fluid has been used as an irrigation fluid in arthroscopic surgery of 
the temporomandibular joint (McCain, LP. et al. (1989) J. Oral Maxillofac. Surg. 
47:1 161-1 168). Hyaluronic acid (HA-Hyalgan) and hylan G-F 20 (Synvisc) also 
have been used in the treatment of osteoarthritis (Frizziero, L et al. (1998) Clin. 
Exp. Rheumatol. 16:441-449; Marshall, K.W. et al. (2000)/. Orthop. Res. 18:416- 
425; Kroesen, S. et al. (2000) Clin. Rheumatol. 19:147-149). Use of hylan G-F 20 
intra-articularly, however, has been reported in at least one case to induce an acute 



attack of calcium pyrophosphate dihydrate arthritis (Kroesen, S. et al. (2000) Clin. 
Rheumatol 19:147-149). Na-hylan, a chemically modified sodium hyaluronate 
jelly, also has been used to reduce postsurgical tendon adhesions (Weiss, C. et al. 
(1986) Bull Hosp. Jt Dis. Orthop. Inst 46:9-15; Weiss, C. (1987) Bull Hosp. Jt. 
Dis. Orthop. Inst 47:3139). 

Arthroscopy has now become a common surgical procedure in current 
medical practice with almost 700,000 knee and shoulder arthroscopies performed 
each year in the United States. The post-operative course for these patients is 
marked by significant pain and resultant loss of limb function for the initial 3-5 
days. Therapeutic intervention typically involves injection of a local anesthetic 
{e.g. bupivacaine) into the operated joint at the end of the procedure, resulting in 
pain relief for about 6 hours. It has been suggested that an intra-articular dose of 
approximately 10 mg produces analgesia of the joint (Creamer J. Rheumatol 
(1996) 23:1031-1036). Thereafter, the patient is managed by administration of 
oral narcotics (e.g. Vicodin) and/or acetaminophen, and often neither of these 
results in sufficient pain relief. There exists a clinical need for a single dose 
product that can provide short term (2-5 days) post-arthroscopy pain relief. 

Other surgical procedures are also often associated with significant pain, 
such as incisional pain. Such procedures include, most often, abdominal, breast 
and spinal operations, including cesarean births, hernia repair, hysterectomy, 
mastectomy, and breast augmentation. Other surgery involving pain or 
discomfort due to incision includes podiatry procedures. 

An exogenous fibrin clot is another type of material that has been used in 
joint repair. An exogenous fibrin clot has been shown to promote 
fibrocartilaginous repair in an animal model of triangular fibrocartilage complex 
(TFCC) injury (Whately, J.S. et al. (2000) Arthroscopy 16:127-136). 
Furthermore, an exogenous fibrin clot has been used to enhance repair of an 
injured meniscus (Rodeo, S.A. and Warren, R.F. (1996) Clin. Sports Med. 15:469- 
481). 



U.S. Patent No. 3,949,073 by Daniels et al., U.S. Patent No. 4,140,537 
Luck et al, U.S. Patent No. 4,424,208 by Wallace et al., U.S. Patent No. 
5,002,071 by Harrell, U.S. Patent No. 4,760,131 by Sundsmo et al, EP 338813 by 
Tsunenaga et al. and U.S. Patent No. 4,582,640 by Smestad et al. describe 
collagen formulations for use in soft tissue or connective tissue augmentation, for 
example reduction of skin wrinkles or scars. U.S. Patent No. 4,764,377 by 
Goodson and U.S. Patent No. 4,906,670 by Higashi et al. describe compositions 
containing collagen for the treatment of periodontal disease. 

U.S. Patent Nos. 6,083,918 and 6,165,983 by Klaus describes the use of 
collagen formulations for the treatment of degenerative arthrothopies while U.S. 
Patent No. 3,966,908 by Balassa describes the use of cartilage powder for such 
treatments. Neither Klaus nor Balassa teach the use of particular types of 
collagen. Collagen from bovine skin sources, as used in Klaus, is generally Type 
I collagen, but, without further processing, would contain immunogenic 
telopeptide sequences (Rubin et al. (1965) Biochemistry 4(2):181-190). The 
collagen in cartilage powder is predominantly Type II collagen, which is 
frequently used to provoke immunogenic reactions in rats and other animals in 
order to model rheumatoid arthritis (Myers et al (1997) Life ScL 61(19):1861- 
1878; Brahn (1991) Clin. Orthop. 265:42-53). Steffen (1975) A Immun.-Forsch. 
Bd. 150:432-446) examines the immunogenicity of soluble human collagen in 
rabbit knees. U.S. Patent No. 4,704,273 by McMichael describes collagen 
containing formulations for the treatment of rheumatoid arthritis. 

U.S. Patent No. 5,639,796 by Lee et al. describes a composition 
comprising a hydrophilic polymer suspended in a hydrophobic carrier and its use 
for replacing natural lubricating fluids of the body. 

U.S. Patent No. 4,703,108 by Silver et al. describes the production of 
biodegradable matrices using crosslinked collagen. 

Despite advances in articular surgical methods, there still exists a need for 
approaches that are effective in diminishing patient pain, increasing joint mobility 
post-surgery and/or reducing recovery time and that are generally applicable to 



the various articular surgery options (e.g., arthrotomy, arthroscopy, arthroplasty) 
or other surgical procedures associated with incisional pain. When providing 
extended treatment of pain or discomfort, as through the controlled release of 
pharmaceutical agents, it is essential that the compositions or devices employed 
for the controlled release of substances are non-immunogenic and well tolerated 
by the patient (Cooperman et al. (1984) J. Am. Acad. Dermatol. 10:638-646; 
DeLustro et al. (1988) Dermatol. Surg. Oncol 14:57-65; DeLustro et al. (1987) 
Plast. Reconstruct. Surg. 79:581-592; Frank et al. (1991) Plast. Reconstruct. Surg 
87:1080-1088). 

Citation of the references above is not an admission that these references, 
or the information disclosed therein, is prior art. 

SUMMARY OF THE INVENTION 

This invention provides improved surgical methods and controlled release 
formulations for treating an articular injury of a joint in a patient, in which a 
collagen formulation is used in conjunction with a surgical procedure to treat the 
articular injury. Collagen formulations of the invention and their use, in addition 
to the surgical procedure, may provide at least one or more of the following 
benefits: reduced patient pain, shortened recovery time and/or improved joint 
condition (e.g., treatment of the underlying articular injury). Moreover, the 
methods and compositions of the invention can be used in conjunction with 
essentially any surgical procedure used to treat an articular injury. The invention 
further provides compositions and methods for treating post-surgical articular or 
incisional pain or discomfort in a patient. 

In one embodiment, a composition for the treatment of post-surgical pain 
or discomfort in a joint or along an incision according to the invention consists 
essentially of an aqueous dispersion of insoluble non-crosslinked type I fibrillar 
atelopeptide collagen and a pharmaceutical agent, wherein the composition is 
formulated to release an effective amount of the pharmaceutical agent from the 
collagen for at least 48 hours. 



In particular embodiments the pharmaceutical agent may be selected from 
the group consisting of anesthetics, analgesics, antibiotics, sedatives, opioids and 
antitumor agents. 

A method of the invention includes a method for the treatment of post- 
surgical pain or discomfort in a joint(s) comprising the step of intra-articularly 
administering to a joint(s) in a patient a composition consisting essentially of an 
aqueous dispersion of insoluble non-crosslinked type I fibrillar atelopeptide 
collagen and a pharmaceutical agent, where the composition is formulated to 
release an effective amount of the pharmaceutical agent from the collagen for at 
least 48 hours. The composition may be administered before, during or after a 
surgical procedure, including immediately after the surgical procedure. The 
pharmaceutical agent may be, for example, an analgesic, antibiotic, anesthetic, 
sedative, opioid or antitumor agent. 

In another embodiment, the invention includes a composition for the 
treatment of post-surgical articular or incisional pain or discomfort consisting 
essentially of an aqueous dispersion of insoluble non-crosslinked type I fibrillar 
atelopeptide collagen and bupivacaine; wherein the composition is formulated to 
release an effective amount of bupivacaine from the collagen for at least 48 hours. 

An additional method of the invention includes a method for the treatment 
of post-surgical pain or discomfort in a joint(s) comprising the step of intra- 
articularly administering to a joint(s) in a patient a composition consisting 
essentially of an aqueous dispersion of insoluble non-crosslinked type I fibrillar 
atelopeptide collagen and bupivacaine, where the composition is formulated to 
release an effective amount of bupivacaine from the collagen for at least 48 hours. 

In another embodiment, the invention is directed to a method for the 
treatment of post-surgical pain or discomfort associated with one or more 
incisions comprising the step of administering to a patient's incision(s) a 
composition as described herein, where the composition is administered before, 
during or after a surgical procedure. The incision(s) may be associated with a 
surgical procedure such as, but not limited to, abdominal surgery, such as a 



cesarean birth, hysterectomy, hernia repair; breast surgery, such as a breast 
augmentation or mastectomy; spinal operations, or podiatry procedures. The 
composition may be administered in a premeasured amount. 

In another embodiment, the invention is directed to a method for the 
treatment of post-surgical pain or discomfort associated with one or more 
incisions comprising the step of administering to a patient's incision(s) a 
composition consisting essentially of an aqueous dispersion of insoluble non- 
crosslinked type I fibrillar atelopeptide collagen and bupivacaine, where the 
composition is administered before, during or after a surgical procedure. The 
incision(s) may be associated with a surgical procedure such as, but not limited to, 
abdominal surgery, such as a cesarean birth, hysterectomy, hernia repair; breast 
surgery, such as a breast augmentation or mastectomy; spinal operations, or 
podiatry procedures. The composition may be administered in a premeasured 
amount. 

The methods of the invention may also comprise: performing a surgical 
procedure on the joint; and administering to the joint a composition comprising an 
aqueous dispersion of insoluble collagen in a sufficient premeasured amount such 
that it effectively reduces patient pain, increases joint mobility post-surgery and/or 
reduces recovery time. 

In some embodiments the composition consists essentially of 3-100 mg/ml 
collagen. In certain embodiments, the composition consists essentially of about 5- 
10 mg/ml collagen, about 10-100 mg/ml collagen or about 20-100 mg/ml 
collagen, in others about 65 mg/ml collagen. The source of the collagen can be, 
for example, bovine skin. Alternatively, human collagen can be used. Typically, 
the collagen of the composition is predominantly non-crosslinked, insoluble, 
atelopeptide fibrillar Type I collagen. In some embodiments the collagen is at 
least 95% non-crosslinked, atelopeptide insoluble, fibrillar Type I collagen. 

In one embodiment, the composition further consists essentially of at least 
one additional pharmaceutical agent. Examples of suitable additional 
pharmaceutical agents include anesthetics, analgesics, antibiotics, opioids, 



sedatives and antitumor agents. The pharmaceutical agent may include lidocaine, 
bupivacaine or morphine at concentrations up to 20 to 30 mg/ml. Pharmaceutical 
agents as described herein may be used in concentrations up to about 20 to 30 
mg/ml In particular embodiments the concentration can be up to about 30 mg/ml, 
up to about 20 mg/ml, up to about 10 mg/ml or up to about 5 mg/ml The 
concentration of the pharmaceutical agent in other embodiments may be about 4- 
30 mg/ml, about 4-20 mg/ml, about 4-15 mg/ml, about 10 mg/ml or about 5 
mg/ml In certain embodiments the concentration of pharmaceutical agent is 
greater than 3 mg/ml, greater than 4 mg/ml or greater than 5 mg/ml 

In particular embodiments the pharmaceutical agent may be selected from 
the group consisting of anesthetics, analgesics, antibiotics, sedatives, opioids and 
antitumor agents. Particular examples of anesthetics/analgesics include, but are 
not limited to bupivacaine, lidocaine, procaine, tetracaine, mepivacaine, 
etidocaine or procainamide. Particular classes of antibiotics for use as 
pharmaceutical agents include, for example, but are not limited to, tetracyclines, 
cephalosporins, chloramphenicols, and aminoglycosides (e.g. amikacin, 
gentamicin). Examples of opioids include, but are not limited to morphine, 
codeine, demerol, or methadone and examples of sedatives may include diazepam 
or flurazepam. Antitumor agents may also be used as the pharmaceutical agent 
and may include, but are not limited to methotrexate or tamoxifen. 

In a preferred embodiment, the composition is an injectable insoluble 
aqueous solution of Type I fibrillar collagen from bovine skin that contains an 
analgesic/anesthetic agent such as lidocaine, bupivacaine or morphine at 
concentrations up to about 20 to 30 mg/ml 

In certain embodiments, the total amount of pharmaceutical agent released 
from the composition is from about 5 mg to about lg. In other embodiments, the 
amount of pharmaceutical agent released is about 2 mg to about 15 mg per day or 
about 10 mg per day. 
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In some embodiments, the ratio of collagen to pharmaceutical agent can be 
about 0.5:1 to about 50:1 or about 1:1 to about 5:1. In particular embodiments the 
ratio of collagen to pharmaceutical agent is about 1:1. 

The methods of the invention can be used with a variety of surgical 
5 procedures, including arthroscopy, arthrotomy, implantation of chondrocytes, 

implantation of cartilage, total joint arthroplasty or partial joint arthroplasty or 
non-articular surgical procedures including abdominal, breast, spinal or podiatry 
procedures. Chondrocytes and cartilage implants may be allografts, autografts or 
xenografts. The methods of the invention can be used for the treatment of 
h 10 essentially any joint upon which surgery is performed. A preferred joint is the 

m knee. Other suitable joints include, but are not limited to, shoulders, ankles, hips, 

W wrists, elbows and temporomandibular joints. 

i The methods of the invention can be used in the treatment of a wide 

f*i . . . 

^ variety of articular injuries. Nonlimiting examples include: meniscal injury, 

O 1 5 anterior cruciate ligament injury, rotator cuff injury, carpal tunnel syndrome, 

111 

r§ synovitis, chondromalacia, patellar tendon rupture, tibial tubercle fracture, loose 

bodies of bone or cartilage, osteochondritis dissecans, adhesive capsulitis, 
IU impingement syndrome, shoulder dislocation, Dupuytren's syndrome, scaphoid 

fracture, stenosing tenosynovitis, lateral facet syndrome, anterior patello-femoral 
20 pain syndrome, lateral pressure syndrome, malalignment syndrome, maltracking 

syndrome and degenerative articular processes, such as osteoarthritis. In one 
embodiment of the invention, the articular injury does not result from a 
degenerative articular process. 

The collagen compositions described herein can be administered into the 
25 joint by any means that results in the collagen composition being inserted 

intraarticularly, but preferably is administered via a catheter. The composition 
preferably is administered intraarticularly during the surgical procedure, e.g., prior 
to closure of the incision(s), but alternatively can be administered before or 
following the surgical procedure (e.g., by intraarticular injection following 
30 surgery). The composition may be delivered via a cannula. 
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The methods of the invention can be carried out on patients in need of 
treatment for articular injuries, including human patients and veterinary patients, 
such as horses and dogs. 

Another aspect of the invention pertains to a catheter for treating an 
articular injury of a joint in a patient. The catheters of the invention comprise a 
lumen and are adapted for use in arthroscopy or arthrotomy. Furthermore, the 
catheter comprises in its lumen a composition as described herein in a 
premeasured amount sufficient to treat an articular injury of a joint in a patient. 
Preferably, the composition consists essentially of about 3-100 mg/ml collagen, 
more preferably about 65 mg/ml collagen. The source of the collagen can be, for 
example, bovine skin. Alternatively, human collagen can be used. Typically, the 
collagen of the composition is predominantly Type I collagen. In certain 
embodiments the collagen is at least 95% insoluble fibrillar non-crosslinked 
atelopeptide Type I collagen. In one embodiment, the composition further 
consists essentially of at least one additional pharmaceutical agent. Examples of 
suitable additional pharmaceutical agents include anesthetics, analgesics, 
antibiotics, anti-inflammatory agents, growth factors, lubricating agents, 
antitumor agents, sedatives, opioids, collagenase inhibitors. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 shows the amount of bupivacaine released versus time, where 
(inverted triangle) indicates the release profile for Experiment A, (triangle) 
indicates the release profile for Experiment B, (circle) indicates the release profile 
of the bupivacaine control and (square) indicates the release profile of the 
collagen control, which is zero. 

Figure 2 shows the release rate (mg/hr) of bupivacaine released versus 
time, where (inverted triangle) indicates the release profile for Experiment A, 
(triangle) indicates the release rate for Experiment B, (circle) indicates the release 
rate of the bupivacaine control and (square) indicates the release rate of the 
collagen control, which is zero. 
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Figure 3 shows the percentage of bupivacaine retained in the sample 
(calculated versus the starting amount of bupivacaine) versus time, where 
(inverted triangle) indicates the percentage of bupivacaine for Experiment A, 
(triangle) indicates the percentage of bupivacaine for Experiment B, and (circle) 
indicates the percentage of bupivacaine of the bupivacaine control. 

DETAILED DESCRIPTION OF THE INVENTION 
The invention described herein pertains to formulations of aqueous 
dispersions of insoluble, fibrillar, non-crosslinked, atelopeptide Type I collagen 
and at least one pharmaceutical agent which are capable of providing the 
controlled release of the pharmaceutical agent over time. This invention also 
pertains to methods for using such formulations to treat pain and/or discomfort 
accompanying surgical procedures associated with the treatment of articular 
injuries as well as the pain and/or discomfort associated with surgical incisions or 
the pain of the injuries themselves. These formulations offer distinct advantages 
in the management and treatment of post-surgical pain and discomfort in that they 
provide a means of managing pain for a period of about 2-5 days post-surgery 
without the administration of a large, immediately-released and limited-duration 
bolus of pharmaceutical agent, for example, an analgesic, and diminish or 
eliminate the need for additional pain management, such as over-the-counter 
analgesics, or prescription drugs, such as narcotics. 

Throughout this disclosure, various publications, patents and published 
patent applications are referenced by an identifying citation. The disclosures of 
these publications, patents and published patent applications are hereby 
incorporated by reference into the present disclosure to more fully describe the 
state of the art to which this invention pertains. 

As used herein, the term "articular injury" is intended to encompass 
damage to a joint (i.e., a change from the normal architecture or function of the 
joint), whether as a result of stress, overuse, a sports or other accident, disease, 
infection or aging. 
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As used herein, the term "treating", and its cognates such as "treatment", 
is intended to refer to ameliorating or alleviating one or more symptoms of the 
articular injury or the condition for which the patient is being treated or the pain _ 
or discomfort associated with the injury or the treatment of such injury, as in a 
surgical procedure. The term "treating" is also intended to encompass the use of 
the compositions and methods described herein in the amelioration or alleviation 
of the pain or discomfort associated with incisions resulting from surgery. 
Treatment of infection, which may be an underlying cause of the articular injury, 
or may be a possible complication of the surgical procedure, is also contemplated. 
For example, antibiotics or other pharmaceutical agents may be used to treat the 
infection and further may be used prophylactically to prevent infection from 
developing. Such treatment may also result in reduced inflammation or pain 
associated with infection due to the treatment or amelioration of the infection. 

As used herein, the term "joint" is intended to encompass any joint of the 
skeletal system, including but not limited to knees, shoulders, ankles, hips, wrists, 
elbows and temporomandibular joints. 

As used herein, the term "patient" is intended to encompass vertebrates 
that may be in need of treatment for articular injuries or the pain or discomfort 
resulting from surgical procedures. Preferred subjects are mammals. Even more 
preferred subjects are humans and veterinary patients, including farm animals, 
sport animals, and pets, such as horses, dogs, cats, cows, sheep and goats. 

As used herein, the term "surgical procedure" is intended to encompass 
any technique in which the internal architecture of the joint is manipulated by 
inserting at least one instrument into the joint. Examples include arthrotomy, 
arthroscopy and arthroplasty (total or partial). "Surgical procedure" is also 
intended to include abdominal, breast, podiatry and spinal operations, including 
cesarean births or deliveries (i.e. a "C-section"). The terms "surgical procedure", 
"operation" and "surgical operation" can be used interchangeably herein. 
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As used herein, the term "administer" is intended to encompass 
introduction of a composition into a joint or along an incision, by whatever 
means, including but not limited to: via a catheter or cannula or via injection. 

As used herein, the term "pharmaceutical agent" is intended to encompass 
compounds having pharmaceutical activity, nonlimiting examples of which 
include anesthetics, analgesics, sedatives, opioids, antitumor agents, antibiotics, 
anti-inflammatory agents, growth factors, polynucleotides, proteins, polypeptides, 
peptides, chemotherapeutic agents and the like. 

As used herein, the term "therapeutically effective amount" or "effective 
amount" is intended to refer to an amount (e.g., of a pharmaceutical agent) 
sufficient to achieve treatment of an articular injury or incisional pain (including 
discomfort) being treated or amelioration of the symptoms of the injury or of the 
treatment (e.g., pain associated with a surgical procedure). 

As used herein, the term "degenerative articular process" is intended to 
refer to an articular injury. 

As used herein, the term "dispersion" refers to a liquid suspension of 
insoluble material in which the insoluble solid material cannot be separated from 
the liquid portion of the dispersion by centrifugation (e.g. the solid cannot be 
formed into a pellet by centrifugation). This is distinguished from suspensions of 
insoluble material which can be separated and/or formed into a pellet by 
centrifugation. 

"Type I" collagen refers to the major collagen present in tendon and bone. 
Other sources of Type I collagen include skin, lung, dentin, heart valese, fascia, 
scar tissue, cornea, and liver. 

"Type II" collagen is the predominant collagen in cartilage, while "Type 
III" collagen can be found in dermal sources of collagen. 

As used herein the term "atelopeptide" refers to the collagen in which the 
"telopeptide" sequences have been removed. The term "telopeptide" refer to the 
non-helical terminal regions of collagen. These telopeptide regions are believed 
to be largely responsible for the immunogenicity of xenogenic collagen (Rubin et 
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al., (1965) Biochemistry 4(2):181-190). "Telopeptide collagen" refers to collagen 
with these sequences intact. The telopeptide sequences of Type I collagen 
contains tyrosine, while the helical regions of Type I collagen do not. 
Atelopeptide collagen versus telopeptide collagen can be distinguished based on 
amino acid analysis, in which atelopeptide collage should contain less than about 
1.5 tyrosine residues per 1000 amino acids, while telopeptide collagen contains 
approximately 3-4 tyrosine residues per 1000 amino acids. Treatment with the 
enzyme pepsin is one method for removing the telopeptide sequences from 
collagen. 

Collagen can exist in non-fibrillar or fibrillar form. Non-fibrillar collagen 
consists of triple helices which are approximately 300 nm long and 1.5 nm in 
diameter (Piez K, "Collagen", in Encyclopedia of Polymer Science and 
Engineering, vol. 3, pages 699-727, 2nd Ed., John Wiley (1985)). In comparison, 
fibrillar collagen may exist in a wide array of fibrillar sizes ranging from 
diameters of about 3-30 nm up to about 1000 nm, with the fibral length ranging 
from 400-500 nm to up to about 5000 nm. The smallest fibrils arise when 5 to 
about 30 triple-helical molecules associate. (Gelman, et al.(1979) J. Biol Chem. 
254:11741-11745; Capaldi, et al. (1982) Biopolymers 21:2291-2313). Collagen 
fibril size can readily be determined using differential scanning calorimetry (DSC) 
to measure melting temperatures. In general, non-fibrillar collagen melts at 39- 
40°C, whereas microfibrillar collagen melts at 42-46°C. See, for example, 
Wallace, et al. (1986) Biopolymers 25:1875-1893. 

As used herein, the term "non-crosslinked" refers to collagen molecules 
which do not have synthetic chemical bonds between the alpha chains of the fibril. 
Thus, for example, fibrillar collagen may be crosslinked or non-crosslinked 
depending on the presence of such attachments. 

Additional discussion regarding types of collagen may be found in Piez K, 
"Collagen", in Encyclopedia of Polymer Science and Engineering, vol. 3, pages 
699-727, 2nd Ed., John Wiley (1985). 
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The invention provides methods that are effective in diminishing patient 
pain, increasing joint mobility post-surgery and/or reducing recovery time. 

One method of the invention comprises: performing a surgical procedure 
on the joint; and administering to the joint a composition comprising an aqueous 
dispersion of insoluble collagen, in a sufficient premeasured amount such that it 
effectively reduces patient pain, increases joint mobility post-surgery and/or 
reduces recovery time. 

An additional method of the invention includes a method for the treatment 
of post-surgical pain or discomfort in a joint(s) comprising the step of intra- 
articularly administering to a joint(s) in a patient a composition containing an 
aqueous dispersion of insoluble non-crosslinked type I fibrillar atelopeptide 
collagen and a pharmaceutical agent, where the composition is formulated to 
release an effective amount of the pharmaceutical agent from the collagen for at 
least 48 hours. The composition may be administered before, during or after a 
surgical procedure, including immediately before or after the surgical procedure. 
The additional pharmaceutical agent may be, for example, an anesthetic, 
analgesic, antibiotic, sedative, opioid or antitumor agent. 

The methods of the invention further include method for the treatment of 
post-surgical pain or discomfort associated with one or more incisions comprising 
the step of administering to a patient's incision(s) a composition as described 
herein, wherein the composition is administered before, during or after a surgical 
procedure. 

In certain embodiments the incision is associated with surgical procedures 
including abdominal surgery (e.g. a cesarean birth, hernia repair, hysterectomy), 
spinal surgery or other surgery involving pain or discomfort due to incision (e.g. 
mastectomy, breast augmentation, podiatry procedures). The compositions as 
described herein may be administered to one or more locations along the incision 
in conjunction with the method of the invention. In certain embodiments 
administration to an incision(s) is via injection. The compositions as described 
herein are of particular use in that they may be administered through a 32 or larger 
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diameter gauge needles. In certain embodiments the compositions may be 
administered via 20 gauge needles. The ability to administer these compositions 
with needles of such diameter eliminates or reduces the need for the use of topical 
or other anesthetics or analgesics. 

The collagen compositions used in the methods of the invention can be 
prepared using methods known in the art. The composition may contain of about 
3-100 mg/ml collagen. In certain embodiments the concentration of collagen is 
about 10-100 mg/ml collagen, about 20-100 mg/ml collagen, about 20-50 mg/ml, 
about 16 mg/ml-28 mg/ml. The composition may comprise collagen including 
collagen from bovine skin (dermal), human collagen or Type I collagen. In 
particular embodiments the collagen is insoluble non-crosslinked Type I fibrillar 
atelopeptide collagen. In certain embodiments the collagen is at least 95% 
insoluble fibrillar non-crosslinked atelopeptide Type I collagen. In some 
embodiments the collagen contains less than 5% Type III collagen. The collagen 
may be prepared as an aqueous dispersion of insoluble non-crosslinked type I 
fibrillar atelopeptide collagen. 

The composition may further contain at least one additional 
pharmaceutical agent. The pharmaceutical agent may be selected from the group 
consisting of: anesthetics, analgesics, antibiotics, sedatives, opioids and antitumor 
agents. 

In certain embodiments, the composition may further contain a 
pharmaceutical^ acceptable excipient. Such excipients are well known to those 
of skill in the art and include, but are not limited to, pharmaceutically acceptable 
buffers, emulsifiers, polyethylene glycol (PEG), and saccharides (e.g. mannitol). 

The methods of the invention may also comprise performing arthroscopy; 
arthrotomy (total or partial), implantation of cartilage or implantation of 
chondrocytes. Cartilage and chondrocytes for implantation may be allografts, 
autografts or xenografts. 

In the methods of the invention, the joint may be a knee, a shoulder, an 
ankle, a hip, a wrist, an elbow or a temporomandibular joint. 



16 



In the methods of the invention, the articular injury may result from 
conditions including, a meniscal injury; an anterior cruciate ligament injury 
rotator cuff injury, carpal tunnel syndrome, synovitis, chondromalacia, patellar 
tendon rupture, tibial tubercle fracture, loose bodies of bone or cartilage, 
osteochondritis dissecans, adhesive capsulitis, impingement syndrome, shoulder 
dislocation, Dupuytren's syndrome, scaphoid fracture, stenosing tenosynovitis, 
lateral facet syndrome, anterior patello-femoral pain syndrome, lateral pressure 
syndrome, malalignment syndrome and maltracking syndrome. 

In the methods of the invention, the articular injury does not necessarily 
result from a degenerative articular process. 

In the methods of the invention, the composition may be administered 
intraarticular^ via a catheter, cannula or injected. 

In the methods of the invention, the composition may be administered 
intraarticular^ or along an incision(s), before, during or following the surgical 
procedure. In particular embodiments for the treatment of incisional pain, the 
composition is administered before the surgical procedure, that is, before an 
incision is made, in the vicinity of the expected incision. In certain embodiments, 
the methods of the invention as described herein may further comprise the step of 
at least one additional administration of a composition as described herein. In 
certain embodiments, the additional administration may occur immediately after 
the surgical procedure, as when the composition is administered before the 
procedure. In other embodiments the additional administration may occur during 
the procedure or after the procedure, for example, 1 minute after, 2 minutes after, 
5 minutes after, 10 minutes after, 15 minutes after, 25 minutes after, 30 minutes 
after, 45 minutes after, 1 hour after, 2 hours after, 3 hours after, 6 hours after, 8 
hours after, 9 hours after, 12 hours after or 18 hours after the surgical procedure. 
In certain embodiments, the additional administration may occur about 2, 3, 4, 5 
or 6 days after the initial administration and surgical procedure to treat continued 
pain or discomfort. In particular embodiments the additional administration can 
be administered via injection. 
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In the methods of the invention, the patient may be a human patient or a 
veterinary patient. 

The present invention is also directed to a catheter for treating an articular 
injury of a joint in a patient, the catheter comprising a lumen and being adapted 
for use in arthroscopy or arthrotomy, wherein the catheter comprises in its lumen 
a composition as described herein in a sufficient premeasured amount such that it 
effectively reduces patient pain, increases joint mobility post-surgery and/or 
reduces recovery time. 

The compositions of the invention, including those incorporated into the 
catheter described herein may contain about 3-100 mg/ml collagen. In another 
embodiment the composition may contain about 10-100 mg/ml collagen, about 
20-100 mg/ml collagen, about 20-50 mg/ml collagen, about 15-100 mg/ml 
collagen, or about 16-28 mg/ml collagen. The collagen may be from bovine skin, 
may be human collagen and is predominantly insoluble, non-crosslinked, fibrillar, 
atelopeptide Type I collagen. In certain embodiments the collagen is at least 95% 
insoluble, non-crosslinked, fibrillar, atelopeptide Type I collagen. In some 
embodiments the collagen contains less than 5% Type in collagen. The collagen 
may be prepared as an aqueous dispersion of insoluble non-crosslinked type I 
fibrillar atelopeptide collagen for combination with the pharmaceutical agent. 

The insoluble non-crosslinked type I fibrillar atelopeptide collagen as used 
herein is prepared using the following steps. The hide is cleaned, solubilized with 
acid, filtered, then enzymatically treated to remove the telopeptides. This results 
in a clear collagen dispersion of solubilized collagen fibers at low pH. This 
resulting product is further clarified and treated to eliminate virus and/or prion 
particles. Then through a series of steps known to those of skill in the art using 
bases and salt, the protein is precipitated and concentrated (for example, to 120 
mg/mL collagen) then diluted again to make the dispersion of the desired 
concentration of insoluble non-crosslinked, fibrillar, atelopeptide Type I collagen 
used herein. Preparation of collagen is further described in U.S. Patent Nos. 
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4,233,360, 5,616,689 and 4,140,537 and Piez K, "Collagen", in Encyclopedia of 
Polymer Science and Engineering, vol. 2, 2nd edition, 1985. 

The compositions may further include at least one additional 
pharmaceutical agent. The pharmaceutical agent may be selected from 
anesthetics, analgesics, antibiotics, sedatives, opioids and antitumor agents. In 
particular embodiments the pharmaceutical agent is in solution (i.e. is solublized 
at a given concentration) when combined with the collagen. 

Compositions and devices for the controlled release of pharmaceutical 
reagents within joints are limited by the residence time the composition spends in 
the joint itself, and can therefor serve to deliver the agent. Synovial fluid is 
renewed continuously, with estimates from 0.5 hours to 48 hours for complete 
renewal of the synovial fluid (Altaian (1992) Laboratory Findings in 
Osteoarthritis Chapter 12, pg. 316 in Osteoarthritis, Diagnosis and 
Medical/Surgical Management, Moskowitz, Howell, Goldberg and Mankin, Eds., 
WB Saunders, Philadelphia, PA). The compositions or carriers for the controlled 
release devices are usually cleared or removed from the joint within about 24 
hours. One example of this is viscosupplement hyaluronic acid. Its use as a drug 
delivery matrix is limited by its rapid clearance from the joint (Fraser et al. (1993) 
Sem. Arthritis and Rheumatism 22(6) Suppl. 1:9-17). 

Results show that collagen similar to that described herein has been 
observed to remain in the knee joints in animals for up to 8 weeks. Fibrillar, 
highly purified Type I collagen has previously been shown to be safe for in vivo 
use (Pavelka et al. (June 1999) Poster No. 001096 XFV European League Against 
Rheumatism Congress, Glasgow, Scotland and (June 1999) 4th Congress of the 
European Federation of National Associations of Orthapaedics and 
Traumatology, Brussels, Belgium; Pavelka et al. (September 1999) Fourth World 
Congress of the OsteoArthritis Research Society International, Vienna, Austria). 
Zyderm®, a formulation of insoluble non-crosslinked fibrillar atelopeptide 
collagen Type I and 0.3% (3 mg/mL) lidocaine is commercially available 
(McGhan Medical Corporation, Santa Barbara, CA) and used primarily for 
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collagen replacement under the skin. As described in Pavelka (supra), 1 mL 
intra-articular injections of formulations of collagen have been used in the 
treatment of osteoarthritis. However, results show that the amount of lidocaine 
present in these injections is not effective for pain management over time, with 
the anesthetic effects of lidocaine lasting less than an hour, in most cases only a 
few minutes (e.g. less than 10 minutes). Collagen has also been used in a matrix 
for the controlled delivery of protein growth factors (Shroeder-Teft et al. (1997) 
Controlled Release 49:291-298; Bentz et al. (1998) J. Biomed. Mater. Res. 
39:539-548; McPherson et al. (1988) Coll. Relat. Res. 8(l):65-828:65-82; 
Rosenblatt et al. (1989)/. Controlled Release 9:195-203. 

While not wishing to be bound by theory, it is postulated that the insoluble 
non-crosslinked, fibrillar atelopeptide Type I collagen used in the present 
invention promotes the slow release of the pharmaceutical agent through a 
binding interaction between the collagen and the pharmaceutical agent. Lidocaine 
and related pharmaceutical agents are known to bind to collagen or possess 
characteristics that allow the development of compositions for drug delivery over 
time (Shroeder-Teft et al. (1997) supra; Bentz et al. (1998) supra). Such 
characteristics include a lipophilic aromatic group, a connector and a hydrophilic 
amine group. A number of other classes of pharmaceutical agents which contain 
an aromatic group and a charged or highly polar group and which also may bind 
collagen include, but are not limited to anti-arrhythmic drugs (e.g. disopyramide); 
analgesic/anesthetic drugs (e.g. procaine, procainamide, lidocaine, bupivacaine, 
tetracaine, mepivacaine, etidocaine); adrenergic receptor blocking drugs (e.g. 
dolbutamine); sympathomimetic drugs (e.g. epinephrine, ephedrine, 
amphetamine, dopamine); antimuscarinic agents (e.g. scopolamine, atropine); 
cholinesterase inhibitors (e.g. neostigmine, physostigmine); antidepressants (e.g 
.imipramine); sedatives (e.g. diazepam (Valium), flurazepam); anti- 
inflammatories (e.g. indomethacin); opioids (e.g. morphine, codeine, methadone, 
demerol); diuretics (e.g. amiloride, triamterene); anti-estrogens (e.g. clomiphene); 
anti-histamines (e.g. chlorpheniramine, cimetidine, triprolidine); serotonin 
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antagonists and serotonin-like drugs (e.g. N,N dimethyl tryptamine, psilocybin); 
sulfonamides (e.g. sulfadiazine, sulfamerazine); anti-malarials (e.g. chloroquine); 
anti-helmintics (e.g. bephenium hydroxy-naphthoate; anti-tumor drugs (e.g. 
methotrexate, tamoxifen) and antibiotics (e.g. classes including: tetracyclines, 
cephalosporins, chloramphenicols, and aminoglycosides (e.g. amikacin, 
gentamicin)). Other antibiotics known in the art may also be used as 
pharmaceutical agents, including those disclosed in U.S. Pat. App. Nos. 
20020004499, 20010049366 and U.S. Pat. Nos. 6,316,033, 6,322,592, 6,087,355 
and 6,316,015. Another class of pharmaceutical agents which are known to bind 
to collagen are the anti-coagulants (e.g. heparin) (McPherson et al. (1988) Coll. 
Relat. Res. 8(l):65-828:65-82). 

The current standard of care in the United States is to inject a large bolus 
(«20-30mL) of anesthetic/analgesic into the joint and discharge the patient with a 
prescription for low-strength oral narcotics (e.g. Vicodin). The local anesthetic is 
typically a cocktail of lidocaine, bupivacaine, and/or morphine (Cepeda et al, 
(1997) Reg. Anesth. 22:223-238) and its duration of effectiveness is 
approximately 6 hours. The patients experience pain for three to five days and 
require extensive management with narcotics and cryotherapy, tapering to non- 
steroidal anti-inflammatory drugs (NSAIDs) and/or acetaminophen plus 
cryotherapy thereafter. 

Bupivacaine is an amide-type local anesthetic/analgesic, chemical related 
to lidocaine. However, lidocaine requires 2 to 10 times the dosage to achieve the 
same clinical efficacy for equivalent indications (Cepeda et al., supra). Creamer 
(J. Rheumatol. (1996) 23:1031-1036) reported a statistically significant (p=0.007) 
fall in VAS pain scores at 1 hour post-intra-articular administration of 12.5 mg 
bupivacaine in the knees of osteoarthritis patients, but no significant effects were 
seen after 1 hour. Others describe the use of a single intra-articular bolus 
administration, either pre- or postoperatively, of 50 to 150 mg of bupivacaine for 
postoperative analgesia following arthroscopic knee surgery (Kaeding et al. 
(1990) Arthroscopy 6:33-39; Wasudev et al. (1990) Arthroscopy 6:40-42; Solanki 
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et al. (1992) Arthroscopy 8:44-47; Smith et al. (1991) Anestk Analg. 73:536-539; 
Henderson et al. (1990) Am. J. Sports Med. 18:614-617). The duration of 
analgesia from an intra-injection of bupivacaine is generally reported to be 2 to 
12 hours (Cepedaswpra; DeAndres et al. (1998) Eur. J. Anaesth. 15:10-15; 
Debruyne et al. (1985) Eur. J. Clin. Pharmacol. 27:733-735; Meinig et al. (1988) 
Am. J. Sports Med. 16(3):295-300). 

As would be understood by one of skill in the art, the compositions recited 
herein may be formulated to vary the amount of pharmaceutical agent released 
and/or the amount of time over which an effective amount of the agent is released 
by varying the concentration of the pharmaceutical agent and/or the collagen. For 
example, a greater duration of controlled release (longer time period over which 
the agent is released at an effective amount) could be achieved by increasing the 
concentration of collagen, relative to the concentration of pharmaceutical agent. 
Concomitantly the ratio of collagen to agent will increase. The duration of post- 
surgical pain treatment may also be increased by administering a greater amount 
of the compositions of the invention such that a greater amount of the 
pharmaceutical agent (as present in the composition) is present within the joint(s) 
or incision(s) of the patient. 

In certain embodiments, the amount of the compositions, as described 
herein, which are administered can be greater than 1 mL. In other embodiments 
the amount of composition administered is greater than 2 mL, greater than 3 mL, 
greater than 4 ml, greater than 5 mL, greater than 10 mL, or greater than 20 mL. 
In particular embodiments the amount of composition administered may be, for 
example, but not limited to about 2 mL, about 5 mL, about 10 mL, about 15 mL, 
about 20 mL, about 25 mL, about 30 mL, about 35 mL or about 40 mL. One of 
skill in the art would know to adjust the amount of the composition administered, 
and therefore the amount of pharmaceutical agent delivered, depending on the 
type of surgical procedure performed (e.g. cesarean birth, arthroscopy, joint 
replacement, mastectomy, hernia repair, hysterectomy, podiatry, breast 
augmentation, etc.), the site of the procedure (e.g. knee, abdomen, spine, breast, 
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foot, etc.) and the severity or duration of pain or discomfort likely or usually 
associated with the procedure performed, as well as the pain tolerance of the 
patient and the particular composition being administered. These criteria will also 
be considered by the skilled practitioner when determining whether additional 
administrations of the compositions should or will be administered. 

As will also be appreciated by one of skill in the art, the formulation of the 
composition will also be tailored for the particular pharmaceutical agent which is 
being delivered, taking into account the effective amount of pharmaceutical agent 
to be released such that the amount released at a given time, or throughout the 
duration of delivery, is not toxic to the patient. Information regarding the toxicity 
and half-life of known pharmaceutical agents is readily available. For example, 
bupivacaine is known to have a half life in adults of approximately 3.5 hours. A 
similar compound (levobupivacaine) has been shown to be non-genotoxic by 
standard mutagenicity and clastogenicity assays (Summary of Product 
Characteristics for Chirocaine®). Therapeutic apparently safe doses of 
bupivacaine are approximately 225 mg as a single bolus. The maximum dose of 
bupivacaine is 400 mg over a 24 hour period, and a single dose of 4.4 mg/kg (« 
350 mg in an adult human) produced seizures in research monkeys, while the 
intravenous and subcutaneous LD 50 in mice is 6 to 8 mg/kg and 38 to 54 mg/kg 
respectively (Physicians Desk Reference, Medical Economic Company, Montvale 
NJ, 53 rd edition). 

In certain embodiments, the total amount of pharmaceutical agent released 
from the composition is from about 5 mg to about 1 g, about 10 mg to about 1 g, 
about 15 mg to about 1 g. In certain embodiments the total amount of 
pharmaceutical agent released is about 0.25 g, about 0.5 g, about 0.75 g, about 1.0 
g, about 1.25 g or about 1.5 g. In other embodiments the total amount of 
pharmaceutical agent released from the composition is from about 10 mg to about 
500 mg, from about 10 mg to about 250 mg, from about 10 mg to about 125 mg, 
from about 10 mg to about 50 mg. In other embodiments, the amount of 
pharmaceutical agent released is about 2 mg to about 15 mg per day, about 5 mg 
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to about 15 mg per day, about 7 mg to about 15 mg per day, about 10 mg to about 
15 mg per day. In other embodiments, the amount of pharmaceutical agent 
released is about 5 mg per day or about 10 mg per day. 

hi some embodiments, the ratio of collagen to pharmaceutical agent can be 
about 0.5:1 to about 50:1, about 0.5:1 to about 40:1, about 0.5:1 to about 25:1, 
about 0.5:1 to about 15:1, about 0.5:1 to about 10:1, about 1:1 to about 5:1, about 
1:1 to about 4.7:1, or about 3:1 toabout5:l. In particular embodiments the ratio 
of collagen to pharmaceutical agent is about 1:1. 

In some embodiments the composition is formulated to release an effective 
amount of pharmaceutical agent for at least about at least about 50 hours, at least 
about 60 hours, at least about 72 hours, at least about 84 hours, at least about 96 
hours, at least about 108 hours, at least about 120 hours, hi certain embodiments, 
the composition is formulated to release an effective amount of pharmaceutical 
agent for about 2-5 days, about 2-3 days or about 2-4 days. 

Any of the compositions as described herein may be used in conjunction 
with any of the methods of the invention. The catheter of the present invention 
may incorporate any of the compositions as described herein and may be used, as 
appropriate, in conjunction with any of the methods as described herein. 

The invention will be better understood by reference to the following non- 
limiting examples. 

EXAMPLES 

Example 1; Formulations of Collagen and Bupivacaine for Controlled 
Release: 

The formulations described below were prepared using the following 
common procedures. A collagen gel ((65 mg/ml dispersion of Type I, bovine 
non-crosslinked fibrillar atelopeptide collagen in phosphate buffered saline) 
available from McGhan Medical (Santa Barbara, CA)) was syringe-to-syringe 
mixed with bupivacaine (0.75% bupivacaine HCL, hij. USP, 7.5 mg/ML; Abbott 
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Laboratories (North Chicago, IL)) (BU) solution, then incubated overnight at 
room temperature. The sample was transferred into cellulose dialysis tubing 
(Spectra/Por 1 Dialysis Membrane, 6000-8000 cut off, Spectrum Labs, Rancho 
Dominguez, CA) and the mass of the sample (i.e. the collagen + bupivacaine + 
dialysis tubing) was recorded. The sample was placed into 30 mL of phosphate 
buffered saline (50 mM sodium phosphate, 130 mM sodium chloride, pH 7.1) 
(PBS) at 34°C. At various timepoints up to 72 hours, the amount of BU in the 
PBS was measured by a spectrophotometer. After each timepoint, the sample was 
transferred to 30 mL of fresh PBS. 

The following formulations were prepared, and are summarized in 

Table 1. 

Experiment A (BU in 27.5 mg/mL collagen): The collagen was first 
concentrated to 120 mg/mL by vacuum drying for 2 hours. BU (16 mL, 120 mg) 
was then mixed with 4.76 g of collagen (total of 571.2 mg collagen). The 
resultant sample had a volume of approximately 21 mL, and a collagen and BU 
concentration of about 27.5 and 5.8 mg/mL respectively. 

Experiment B (BUin 16 mg/mL collagen): BU (15 mL, 1 12.5 mg) was 
mixed with 5 mL (325 mg) of collagen. The resultant sample had a volume of 
approximately 20 mL, and a collagen and BU concentration of about 16 and 5.6 
mg/mL respectively. 

BU Control. BU (13 mL, 97.5mg) was placed into the tubing without 
prior incubation at room temperature. The resultant sample had a volume of 
approximately 13 mL, and a BU concentration of 7.5mg/mL. 

Collagen Control: Collagen (5 mL, 325 mg) was placed into the tubing 
without prior incubation at room temperature. In this experiment only 10 mL of 
PBS was used. 
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Table 1 

Formulations and In Vitro Study Conditions 



Experiment 


A 


B 


BU 


Collagen 


Description 


Bupivacaine + 
27.5 mg/mL 
Collagen 


Bupivacaine 
+ 16 mg/mL 
Collagen 


Bupivacaine 

Solution 

(control) 


Collagen 
(control) 


Concentration of Components in Final Composition 


Bupivacaine (mg/mL) 


5.8 


5.6 


7.5 




Collagen (mg/mL) 


27.5 


16 




65 


In Vitro Study Conditions 


Bupivacaine Dose (mg) 


120 


112.5 


98 




Total Formulation Mass 
(g) 


21 


20 


13 


5 


PBS medium (mL) 


30 


30 


30 


10 



At each timepoint, the incremental and cumulative amount of bupivacaine 
released into the PBS was calculated. Percent released calculations were based on 
the initial amount of BU in the test sample. Average release rates were calculated 
and plotted as a function oft' (mid-point of the interval between timepoints). 
Differential scanning calorimetry (DSC) was also performed on the samples to 
investigate possible collagen/drug binding interactions. 

Comparison of the amount of bupivacaine present in the dialysis sample at 
a given time (bupivacaine release, Figure 1); the bupivacaine release rate (Figure 
2) and the % bupivacaine retained in the samples (Figure 3) showed that the 
combination of the fibrillar non-crosslinked, atelopeptide Type I collagen and 
bupivacaine was effective in altering the release rate of soluble bupivacaine 
resulting in the controlled release of the bupivacaine over a 60-72 hour period. 

These results are unexpected as the collagen described herein has not 
before been used to control the release of a pharmaceutical agent. Previous 
studies have used a variety of techniques including crosslinking of the collagen 
via radiation or chemical means to fabricate collagen matrices or other collagen 
formulations in order to achieve controlled release of pharmaceutical agents, that 
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is, in order to use collagen as a means of drug delivery. As described here, the 
insoluble, non-crosslinked, fibrillar, atelopeptide Type I collagen merely requires 
mixing with the pharmaceutical agent and does not require elaborate or extensive 
preparation of the pharmaceutical agent or purified collagen to achieve controlled 
release of the pharmaceutical agent. 

DSC results (data not shown) revealed a new peak prominent in the 
thermogram (melting at 45°C) of the bupivacaine/collagen formulations 
suggesting that certain of the fibrils were disassembled by the BU to yield a 
population of fibrils of smaller diameter and indicating a structural change 
concomitant with the slowed release of the bupivacaine. The amount of 
bupivacaine released at a given time point, as shown by these in vitro results 
indicates that an effective amount of bupivacaine should be released in vivo to 
result in the treatment of post-surgical or incisional pain as described herein. 

Example 2: 

A patient suffering from a meniscal tear in the knee joint is selected for 
arthroscopic repair of the meniscus. Arthroscopy to remove torn fragments and/or 
repair the meniscus is performed according to standard procedures. Following 
surgical repair of the meniscus but prior to closure of the incisions, 2 ml of a 
composition comprising 65 mg/ml bovine skin collagen in the presence and 
absence of lidocaine, bupivacaine or morphine at 20 mg/ml in phosphate buffered 
saline is administered into the knee joint via a catheter. The incisions are then 
sutured according to standard procedures. 

Example 3: 

A patient suffering from a torn rotator cuff undergoes arthroscopic repair. 
Arthroscopy to reattach the torn rotator cuff is performed according to standard 
procedures. Following reattachment but prior to closure of the incisions, 2 ml of a 
composition comprising 65 mg/ml bovine skin collagen in the presence and 
absence of lidocaine, bupivacaine or morphine at 20 mg/ml in phosphate buffered 
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saline is administered into the shoulder via a catheter. The incisions are then 
sutured according to standard procedures. 

Example 4: 

A patient suffering from cartilage damage undergoes implantation of a 
repair matrix with or without autologous chondrocytes. Implantation of the repair 
matrix is performed according to standard procedures. Following implantation 
but prior to closure of the incisions, 2 ml of a composition comprising 65 mg/ml 
bovine skin collagen in the presence and absence of lidocaine, bupivacaine or 
morphine at 20 mg/ml in phosphate buffered saline is administered into the knee 
via a catheter. The incisions are then sutured according to standard procedures. 
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